Abstract. Vegetation, climate and anthropogenic factors in the country of Togo are thought to mutually correlate, however, the degrees to which they correlate remains unclear. This study examined and analyzed patterns of climate variability and how these patterns have influenced vegetation cover dynamics in Togo. Based on data collected from eight meteorological stations, the global climate monitor and European Space Agency, this study analyzed existing trends and relationships between vegetation cover, climate and Normalized Difference Vegetation Index (NDVI) using Mann Kendall non-parametric test, ANOVA and p-value tests. The results showed that (1) rainfall correlated strongly with NDVI (pvalue < 0.00001), (2) evapotranspiration was influenced by annual temperatures in the eight sampled meteorological stations across the country (p-values < 0.0001), (3) evapotranspiration and rainfall were negatively correlated, (4) annual NDVI changes can be used to monitor annual rainfalls, (5) Anthropogenic disturbances, such as deforestation from uncontrolled tree logging, farming and low household income, can be quoted among the limiting factors of vegetation cover.
Introduction
From 1990 to 2015, the total forest coverage in Togo decreased from 12.59 to 3.46% showing a loss of 9.13% as estimated by the United Nations Food and Agricultural Organization. Studies have shown many significant interchanges occurring between climate, vegetation and human activities, for example, interactions have been found between the soil and atmosphere , and vegetation is thought to respond to climate changes through temperature and rainfall variations, and obviously or subtly by seasonal changes (Weiss et al., 2004 .; Cui and Shi, 2010.; Meng et al., 2011) .
Various studies have analyzed vegetation indices to understand the impacts of climate on vegetation cover, showing that rainfall regimes correlate strongly with Normalized Difference Vegetation Index (NDVI) (Martiny et al., 2006; Capodici et al., 2008) , green biomass estimation (Rosental et al., 1985; Prince et al., 1991; Julien, 2014) and as vegetation photosynthetic activity indicator (Gausman et al., 1985; Gilabert et al., 1985) . Even early satellite data from the 1970's were used to monitor vegetation and climate patterns conditions for management purposes (Rouse et al., 1974) . Some research findings showed that an increase of temperature could potentially change the ecosystem composition of the vegetation cover (Serreze et al., 2000) . Other studies have shown broad results that NDVI and rainfall correlated effectively (Kendall et al., 1975; Nicholson et al., 1994; Richard et al., 1998; Foody et al., 2003; Ma et al., 2006) . For instance, the influence of temperature on NDVI was significant only during the early and the late growing season, while NDVI correlated with rainfall within the growing season (Wang et al., 2012) . However, NDVI time series were not strongly correlated with climate variations at global scale, even if rainfall was reported to have the capacity to limit vegetation growth in semi-arid areas (Schultz, 1995; Ichii et al., 2002) .
Literature review
Dominated by the Sahel's arid and semi-arid climatic conditions, West Africa reported obvious climatic changes by the early and late drought period (1970 and 1980) , shown by decadal increases of the temperature and a decrease of rainfall (Biasutti et al., 2009 ). These findings have been consistent in Togo, with climate changes being assessed through slight increases of temperature and irregular rainfall regimes (Adjoussi, et al., 2000) . Climate change in the area is also projected to continue exacerbating weather and climate conditions the future decades (IPCC, 2013).
Moreover, many other studies addressing climate change showed that in West Africa, and especially in Togo, temperatures have been increasing steadily each year from 0.4 to 1.6 °C, depending on the ecoregions in Togo (Badameli et al., 2015) . Estimates of green vegetation dynamics in West Africa, especially in the North mountainous region of Togo, have revealed that since 1987 vegetation has been declining, and socioeconomic factors were thought to be the main dynamic factors of this decrease (FAO, 2017) . Togo was quoted as having some of the highest deforestation rates in the world, with a deforestation rate of 4. (Traore et al., 1998) Within the past decades, most of the studies related to vegetation in Togo were analyzed at the local level for vegetation management strategies or plant species inventory. This is the first study to explore climatic variations and the drivers between climate variations and vegetation at two scales from local to national level. The current study bridge gaps in the research about Togo by putting together climate and vegetation variations using NDVI, temperature, rainfall and potential evapotranspiration (PET) data to clarify the relationship of vegetation and climate changes under a tropical climate conditions. http://www.aloki.hu • 
Materials and methods

Study area
Togo (6°06'N; 11°08'N; 0°09'W and 1°49'W), a West African country, covers a total area of 56,600 km² and is bordered by the Atlantic Ocean, Benin, Ghana, and Burkina-Fasso to the South, East, West and North respectively. With 61% urban population and 229 persons/km² of density, his total population was 7,965,055 persons in 2017 according to the United Nation for Food and Agriculture Organization (FAO). This population has quadrupled from 1960 to 2010, since gaining independence, with 60% under the age of 25 years. Togo's tropical climate is characterised by two main regimes from the south to the north. The Guinean regime comprises two rainy seasons and two dry seasons with an annual rainfall from 1000 to 1600 mm while the Sudanese regime in the North has only one short rainy season and one long dry season with an annual rainfall of 850-1400 mm (Badameli et al., 2015) and an annual average temperature around 27.8 °C. The country has rich vegetation with more than 4000 plant species, mainly from the forest species as discovered recently (Brunei et 
Data collection
Meteorological data and NDVI
Data were downloaded from eight meteorological stations located in various ecofloristic regions of the country (Fig. 1) . The meteorological stations are found in open air environments free from shade. These meteorological stations include Lomé (6°9'56"N, 1°15'16.24"E), Tabligbo (6°34'59"N, 1°30'00"E), Atakpamé (7°31'37"N, 1°7'36"E), Kouma konda (6°95'N, 0°58'E), Mango (10.37°N/0.47°E,), Sokodé 
Statistical analyses
Regression analysis
All collected data were analyzed by regression (Eq. 1) method with SPSS software to determine the relationship between dependent and independent variables. Thus, the dependent variables were regressed on the independents in order to determine if their relation was significant and how much the confidence of the dependents explain the independents. The p-value < 0.05 represents statistically a significant relationship to 95% of confidence interval (Kleinbaum et 
Non parametric test of Mann Kendall (MK)
Non-parametric analysis known as Mann Kendall (MK) was performed using the following steps: the observed data in year Yj and Yi respectively differ and the sign (YjYi) equals to 1, -1 or 0 with j > i. The test statistic, S, was then calculated (Eq. When S is a larger positive integer, the values measured later tend to be larger than earlier values and an upward trend is indicated. When S is a larger negative number, later values tend to be smaller than earlier values and a downward trend is indicated. When the absolute value of S is small, no trend is indicated. The test static τ was calculated (Eq. 3).
τ has a range from -1 to +1 and is analogous to the correlation coefficient in regression analysis. The null hypothesis of no trend is rejected when S and τ are significantly different from zero. If a significant trend is found, the rate of change can be calculated using the Sen slope estimator (Eq. 4). When there is no trend or a null hypothesis, Z evolves with mean zero. A positive Z value indicates an upward trend value while a negative value indicates a downward trend. The p-value of a Mann-Kendall S can then be determined using the normal cumulative distribution function (Eq. 8; Blain, 2013; Helsel et al., 1992 
Results
Climate variability and vegetation dynamics
The NDVI analysis showed variations in vegetation cover throughout the country, (Fig. 2) , and correlation analysis performed also showed climatic factors to correlate with NDVI, (Figs. 9-10 ). Observing the correlation between NDVI and temperature at the national level.
NDVI, temperature, rainfall and evapotranspiration changes at local level
The annual time series of temperature, rainfall, evapotranspiration and NDVI in Togo at national level from 1984 to 2017 (Fig. 2) , shows obvious changes in each parameter during these three last decades in Togo. Temperatures is increasing continuously especially from 1990 in the country. The NDVI and mean rainfall are changing in the same way so that an uptrend year of rainfall corresponds to an uptrend year of NDVI. The temperature and the evapotranspiration both changed at certain time period in the opposite directions especially from 1990 till 2017.
From the analysis we can conclude NDVI and rainfall correlate strongly and positively, similarly with mean annual temperature and evapotranspiration, while the annual rainfall and evapotranspiration correlate negatively (Fig. 3) . It can be seen also that, there is no correlation between mean NDVI and mean annual temperature under the tropical climate condition that prevails in the research area. 
Local scale climate variability and vegetation dynamics
The relationship between climate variability and vegetation cover was performed at local scale for all the eight sampled meteorological stations (Figs. 5-10 Through the regressions analysis between temperature and NDVI in one hand and between NDVI and annual rainfall at local scale in the eight sampled meteorological stations areas, several observation can be seen from 1984 to 2017
Under the Guinean subequatorial climate including Lome, Tabligbo, Kouma konda and Atakpame meteorological stations
• At Lome area, the relationship between NDVI and rainfall was significant at p < 0.05. The Kendall coefficient between NDVI and rainfall was 0.912 with a Pearson coefficient of 0.92 (Table 1; Figs. 9 and 10).
• In the Tabligbo area, the correlation between NDVI and rainfall is significant at p < 0.05. The Kendall coefficient between NDVI and rainfall is 0.944 and the Pearson coefficient is also 0.94 (Figs. 9 and 10 ).
• For the Kouma konda area, the correlation between NDVI and rainfall is significant at p < 0.05. The Kendall coefficient between NDVI and rainfall is 0.92 while the Pearson coefficient is 0.98 (Fig. 9 ).
• For the Atakpame area, NDVI changes according to rainfall more than temperature (Figs. 9 and 10) . The Kendal's coefficient is -0.104 between temperature and rainfall and 0.625 between NDVI and rainfall and 0.028 between temperature and NDVI. • In the Sokode area, the relationship between NDVI and rainfall is significant at p < 0.05. The Kendall coefficient between NDVI and precipitation is 0.845 while the Pearson coefficient is 0.88 ( In the Mango region, the only significant relationship also is that between NDVI and rainfall which is significant at p < 0.05. The Kendall coefficient between NDVI and rainfall is 0.92 while the Pearson coefficient is 0.98 ( Fig. 9 and 10) .
At Dapaong, the sole statistical relationship was between NDVI and rainfall, and was significant at p < 0.05. The Kendall coefficient between NDVI and rainfall is 0.896 while the Pearson coefficient is 0.94 ( Fig. 9 and 10) .
In addition, both at local and national scale the climatic parameters showed obvious changes for annual temperatures and annual rainfalls. At national level, the general trend of temperature is increasing since 1990. Before this upward trend, there has a slight decrease from 1984 to 1990 (Fig. 2) . This observation is the same at local scale as the entire national trend of temperature (Fig. 4) .
For the annual rainfall, the general trend at national level showed as constant trend (y = 0.611x + 176.8, R² = 0.002) (Fig. 2) Fig. 4) .
In the Kara area, the general trend of ndvi showed an increase (Kara annual ndvi mean = 0.004x -8.987, R² = 0.098 (Fig. 4) . At Atakpame, the general trend of NDVI is decreasing y = -0.0001x + 1.493, R² = 0.002). At Kouma Konda, the NDVI trend is increasing slightly (Fig. 4) (y = 0.000x -1.026, R² = 0.002) with maximums in 1985, 1989, 1995, 2002 and 2008 mainly and minimums in 1986, 1990, 1992, 1996, 2000, 2004, 2012 and 2015 mainly.
At Tabligbo it can be seen that the general trend of NDVI is decreasing (y = -0.002x + 6.120).
Lome station showed that the uptrend years of the annual temperature were different from that of rainfall and NDVIPlots revealed hanges in average NDVI between the eight sampled meteorological stations and their surroundings for NDVI, temperature and rainfall from 1984 to 2017 in Togo for chlorophyllous vegetation (green plants) (Figs. 5-7 ). There was a remarkable increase in (year) at (area name). All annual uptrend of NDVI can be interpreted us a vegetation growing.
Discussion
NDVI and climatic variability analysis at national level
The inter-annual variation of temperature trend at the national level has been increasing since 1984 in Togo. This increase of temperature has been already found by some previous studies related to climate change (Badameli et al., 2015) . At the same time, the general trend of annual evapotranspiration is being increasing, these two factors correlated strongly (Figs. 9-10 ).
In addition, NDVI, which reflects chlorophyll (green plant material), correlated remarkably with rainfall at national level. These two findings showed a couple of factors which correlate one another: (NDVI, rainfall), and (temperature, evapotranspiration) while an increase of annual rainfall decreases the evapotranspiration (Figs. 2-3 ). This last observation can be explained by the decrease of temperature by rainfall which caused the evapotranspiration to decrease.
In other studies, an obvious impact of climatic factors on annual NDVI trends was shown, and differences can exist among the chlorophyll of plant species responding to the climate changes (Gang et al., 2016).
NDVI and climatic variability analysis at local level
All of the eight selected meteorological stations showed that a correlation between rainfall and NDVI was significant (Figs. 9-10 ) with a p-value < 0.00001. The correlation coefficients both of Pearson and Kendall are highly positive and near 1 with a statistic Z = 4.26489. Except for KARA area where both the coefficient of Kendall is high and above 0.3 ( Fig. 10) between NDVI and temperature and above 0.8 between NDVI and rainfall (Fig. 10) . Between temperature and NDVI, the correlation is not significant (Fig. 9-10 ). These findings implied that NDVI which reflects the vegetation activity becomes rainfall dependent in the research area. This statement confirms the fact that green plants depend on water for their photosynthesis activities as all these findings are consistent with some of the previous studies related to the topic of rainfall and NDVI correlation (Malo et al., 1990) . In addition, the NDVI is known not only to correlate well with rainfall, and also can be used as a useful tool to monitor rainfall under different climatic conditions (Di et al., 1994 Other studies found that water availability is a limiting factor of green plant activity especially in carbon sequestration and photosynthesis activities (Gang et al., 2016) . It has been found that, evapotranspiration can be used as a tool to measure the chlorophyll of green plants, with the capacity to influence rainfall, for instance, in the research area, the evapotranspiration correlates strongly with temperature (Fig. 3 ). An increase in temperature accelerates the evapotranspiration both by plants (transpiration) and rivers or soil (evaporation) explaining the positive correlation between annual mean temperature and evapotranspiration during these last three decades in Togo. These findings were consistent to the one found previously by (Shouichi et al., 1979) who reported that, between soil and vegetation there is the transfer of energy due to consumption of net radiation by green plants through photosynthesis, which will be used for evapotranspiration. Some other previous findings recognized the relationship between evapotranspiration and temperature due to solar radiation and chlorophyllous plant requirements for their several biosynthesis functions (Chapman et al., 1972; Julian et al., 1973; Wickham et al., 1978) . In fact, not only the solar radiation (sunshine) but also temperature and rainfall (water availability) impacts deeply green plants photosynthetic activities under any climatic conditions (Gang et al., 2016) .
This study showed that, the general trend of annual temperature is obviously increasing since 1990 in Togo. This upward trend could probably explained by global climate changes in the West Africa and the whole world. Many other studies confirmed this findings (IPCC, 2007) stressing the need to survey the influence of climatic factors especially temperature on vegetation.
Many other studies are of the opinion that the increase of annual temperature influences vegetation growth (Rustad, 2001 ). This statement is contrary to the observations made during our research in Togo where the upward trend of temperature does not correlate with the vegetation (NDVI) growth. Thus, the climatic factors are not the only factors to influence chlorophyllous plants growth.
Socio-economic drivers of NDVI and climatic inter annual changes
Any changes of NDVI reflects directly the variation of green plant covers, an indicator of chlorophyll or plants activity (photosynthesis and evapotranspiration) (Tucker et al., 1979) . Therefore, the decrease of NDVI at national level from 1990 can be due to uncontrolled tree logging during the political events as bad implementation and understanding of democratization which put more pressure on the protected areas especially on forestland. From this year, the half part the Togolese national protected areas has been spoilt away putting the country on the list of highest rate of deforestation countries (Blaser J., 201) with a deforestation rate reported at 4.5% each year in 2000 (Fig. 4) . Thus, the anthropogenic pressure on vegetation can be also justified by domestic energy needs as the population is increasing sharply, as their household energy use relies mainly on firewood and charcoal, and also for traditional medicinal use (Wala et al., 2005; Folega, 2011) . Natural gas energy can be promoted and subsidized by the national leaders and reinforcements can be required in woodland, forest and natural protected areas management for more stringent restrictions for sustainability in nature conservation and green recovery.
In other perspectives, the high dependency of the majority of households on plant resources and farming related activities are also explained by the low income of the population in developing countries and the general conditions of poverty related resource use (Mukete, 2016 Togo is due to anthropogenic pressure, especially in rural areas to the detriment of the forest and green vegetation in Togo.
Conclusions
During these last three decades in Togo from 1984 to 2017, the annual temperature, rainfall, evapotranspiration and NVDI obviously changed. A correlation analysis based on the annual time series data of temperature, rainfall, NDVI and evapotranspiration showed that, (1) rainfall correlated strongly with NDVI which reflect the chlorophyllous plants activities both at local and national scale. (2) evapotranspiration was influenced by annual temperatures all over the country in the eight sampled meteorological stations while (3) evapotranspiration and rainfall correlated negatively. (4) annual NDVI changes can be used to monitor annual rainfalls. (5) anthropogenic activities such as deforestation by uncontrolled tree logging, farming and low household income were the main contributing factors in addition to climate change. Among the high deforestation countries in the world, the Togo a national leaders would mitigate this challenge by promoting alternative energy sources to replace firewood for households, especially natural gas and reinforcements to be implemented in the current resources managements plans by participative management for sustainable development in Togo. The national level of climatic variations measurements and their impacts on some main species in the study areas is encouraged in next research projects to clarify the specific influence of climate change on each plant species.
